A cross-sectional study was carried out to assess the physical activity level among 201 adults with abdominal obesity at the Universiti Putra Malaysia, Malaysia. Socio-demographic information, anthropometric data, blood pressure and lipoprotein-lipid proˆles were collected. Steps/day and energy expenditure were determined by Lifecorder e-Step accelerometer. Mean steps/day of the subjects was 6420±2283. The total daily energy expenditure (TDEE) averaged 2015±307 kcal. Based on step counts, 91.5% of the subjects fell below the``active'' category but based on physical activity level (PAL), 97.0% fell under the``low active'' or``sedentary'' . Individuals with abdominal obesity in this study were relatively sedentary. Signiˆcant positive correlations were found between TDEE and body mass index (men: r＝0.428, p＝0.0001; women: r＝0.556, p＝ 0.0001), waist circumference (men: r＝0.508, p＝0.0001; women: r＝0.340, p＝0.0001) and percentage of body fat (men: r＝0.261, 0.028; women: r＝0.414, 0.0001). There was an inverse relationship between physical activity level and the odds of having metabolic syndrome. However, most of the variables studied did not vary between physical activity categories.
Introduction
In 2005, approximately 1.6 billion people above the age of 15 were overweight worldwide, while at least 400 million adults were obese. It was further projected that by 2015, approximately 2.3 billion adults will be overweight and more than 700 million will be obese (World Health Organization, 2008) .
In Malaysia, data have shown that the prevalence of overweight has increased from 16.6z in 1996 to 26.7z in 2003 and 31.6z in 2006 ; the prevalence of obesity was 4.4z in 1996 , 12.15z in 2003 and 16.3z in 2006 (Ministry of Health, 1997 Ministry of Health, 2003; Institute for Public Health, 2008 Health, 2006) . The statistics also illustrated that the prevalence of obesity has now reached an alarming level in this country.
Assessments of obesity include body mass index (BMI), waist-to-hip ratio (WHR) and waist circumference (WC). Of these, WC is a common and practical means of determining abdominal obesity and best used to identify individuals at increased risk for metabolic diseases, such as diabetes and cardiovascular disease (Pouliot et al., 1994) . In one deˆnition of metabolic syndrome, abdominal obesity was even included as a compulsory criterion for metabolic syndrome (Alberti et al., 2005) .
The occurrence of obesity is closely associated with genetics, unhealthy diet and physical inactivity. Even though physical activity is known to be beneˆ-cial for weight management, 70z of Malaysian adults lead a sedentary lifestyle and only a small percentage of Malaysian adults exercise regularly and adequately (Ministry of Health, 2006) .
There are various techniques of measuring physical activity level (PAL), including direct calorimetry, indirect calorimetry, physical activity index, surveys, accelerometers, pedometers and kinetic analy-sis (Melby et al., 2000) . To provide an objective measure of PAL, the accelerometer is worn at a speciˆc attachment point on the body to detect accelerations. Detailed data, such as total steps, total daily energy expenditure and basal metabolic rate, can be obtained. From these data, PAL can then be derived.
To date, except for Japan, there is still a lack of published research of measuring physical activity level by using accelerometer in Asian countries including Malaysia. Given that abdominal obesity and a low level of physical activity are both health problems prevalent among Malaysians and that studies using an objective measure of physical activity are sparse, the purpose of this study is to use the accelerometer to determine the physical activity level among Malaysian adults with abdominal obesity in Universiti Putra Malaysia. The relationships between physical activity level with various health parameters are also addressed. To our knowledge, this is theˆrst study looking into physical activity level in the local population with abdominal obesity. Theˆndings from this study will be useful as a reference for strategic planning to combat obesity in this country.
Methods

Subjects
The subjects for this cross-sectional study were selected from male and female volunteers among the staŠ of the Universiti Putra Malaysia, Malaysia, between April to December 2008. Both academic staŠ and non-academic staŠ were invited to participate. The inclusion criteria for the participants were having abdominal obesity (waist circumference AE90 cm for men and AE80 cm for women), being between the ages of 25 and 55 years with no known medical history of chronic diseases, such as diabetes or cardiovascular disease, having no physical impairment, and willing to wear an accelerometer.
Ethical approval
Prior to the screening of subjects for selection into the study, ethical approval was obtained from the Medical Research Ethics Committee, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia. Subjects were given information on the study protocol and informed consent was obtained from them. Each subject signed and returned a consent form having agreed to participate in the study.
Measurement
Subjects provided socio-demographic information and underwent a physical examination, biochemical measurements and a physical activity level assessment.
Socio-demographic information
A structured, interview-administered questionnaire was used to gather socio-demographic information on age, gender, ethnicity, religion, marital status, occupation, educational level and monthly income.
Physical examination (a) Anthropometric measurement
Subjects wearing light clothing and no shoes were weighed to the nearest 0.1 kg with a digital weighing scale (Tanita, Japan). Height was measured to the nearest 0.1 cm with a height-measuring rod (SECA, Germany). BMI was calculated as weight in kilograms divided by height in meters squared and was categorized according to classiˆcation by WHO (1998) .
Waist circumference was measured with a measuring tape at the high point of the iliac crest; measurements to the nearest 0.1 cm were taken at the end of normal expiration. Hip circumference was measured over the greater trochanters. Waist-to-hip ratio (WHR) was calculated by dividing the waist circumference by the hip circumference. The cut-oŠ point for WHR used to indicate health risk (WHRÀ1.0 for men and WHRÀ0.85 for women) was based on recommendation by WHO (1998) . All anthropometric measurements were performed in duplicate and an average of the two readings was used for analysis.
A calibrated TBF-300 Body Composition Analyzer (Tanita, Japan) was used to assess total body fat and percent body fat. (b) Blood pressure measurement Blood pressure was measured in duplicate using an IA2 Omron automatic blood pressure monitor (Omron, Japan) while the subjects were seated and rested. An average of the two readings was taken.
Biochemical assessment
Trained nurses collected blood samples in the morning after subjects had undergone a 12-hour fast. A total of 5 ml of venous blood was collected via the venipuncture method (after removal of the tourniquet) while the subject was supine. The blood sample was used to determine the level of triglycerides, high-density lipoprotein (HDL) cholesterol and glucose.
Physical activity level assessment
Lifecorder e-Step (Suzuken Company Limited, Japan), a single-axis accelerometer was used to measure vertical oscillations, which were converted to the total number of steps/day and the total daily energy expenditure. The validity of the accelerometer in accessing physical activity level has been established elsewhere (Heng and Hazizi, 2010) . Subjects were instructed to clip the accelerometer onto a belt or waistband; the accelerometer was positioned on the right side and centered over the foot. Physical activity level diŠered considerably between weekdays and weekends (Gretebeck and Montoye, 1992) ; hence, both measurements were taken and analyzed. In addition, previous studies have indicated that between three andˆve days of monitoring is required to measure physical activity reliably using accelerometer (Trost et al., 2005) . Therefore, subjects were asked to wear the accelerometer for two consecutive weekdays and one weekend day.
As suggested by Tudor-Locke and Bassett Jr (Tudor-Locke and Bassett, 2004), physical activity can be classiˆed as sedentary (º5000 steps/day), low active (5000-7499 steps/day), somewhat active (7500-9999 steps/day), active (10000-12500 steps/ day) and highly active (À12500 steps/day). An accelerometer was used to determine the total daily energy expenditure (TDEE) and basal metabolic rate (BMR). The PAL was calculated by dividing the TDEE by BMR (James and Schoˆeld, 1990) and was then categorized into sedentary (PAL 1.00-1.39), low active (PAL 1.40-1.59), active (PAL 1.60-1.89) and very active (PAL 1.90-2.50), as outlined in the Dietary Reference Intakes (National Academy of Sciences, 2002).
Metabolic syndrome
The metabolic syndrome criteria proposed by the International Diabetes Federation (IDF) (Alberti et al., 2005) was used to categorize participants; these criteria included central obesity (deˆned as a waist circumference AE90 cm for Asian men and AE80 cm, for Asian women), plus any two of the following four factors namely: raised triglycerides level À150 mg/dL (1.7 mmol/L), or a speciˆc treatment for this lipid abnormality, reduced HDL cholesterol: º40 mg/dL (0.9 mmol/L) in males and º50 mg/dL (1.1 mmol/L) in females or a speciˆc treatment for this lipid abnormality, raised blood pressure with systolic blood pressure AE130 mmHg or diastolic blood pressure AE85 mmHg, or treatment of previously diagnosed hypertension, raised fasting plasma glucose AE100 mg/dL (5.6 mmol/L) or previously diagnosed type 2 diabetes.
Statistical analysis
Data were analysed using SPSS for Windows version 16 (SPSS Inc, Chicago). Descriptive data for continuous variables were expressed as means±S.D. Physical activity level data assessed by an accelerometer was categorized and the diŠerence between categories was compared using a chi-square test. Pearson's correlation was used to compare the relationship between continuous variables with Bonferroni adjusted alpha of 0.005 as signiˆcance level. DiŠer-ences between means across categories were determined with one-way ANOVA and post-hoc Tukey's HSD test. Dichotomous variables were created based on the IDF deˆnition of metabolic syndrome. The odds ratio of having metabolic syndrome was calculated with logistic regression analysis.
Results
Socio-demographic characteristics
A total of 233 eligible subjects were selected for the study. Socio-demographic information and physical examination data were obtained for all of the subjects. Some subjects were excluded for not wearing the accelerometer at all or not wearing it for two consecutive weekdays and/or one weekend day and due to incomplete biochemical data. In total, 32 subjects (13.7z) were excluded from the data analysis. Of the 201 remaining participants, 71 were males (35.3z) and 130 were females (64.7z).
All of the subjects were residents of Malaysia and almost all were Malay (195 or 97.0z). More than half (54.2z) of the subjects were 30-49 years of age. Note: BMI-body mass index; SBP-systolic blood pressure; DBP-diastolic blood pressure, TG-triglycerides, HDL-C-high density lipoprotein cholesterol, TDEE-total daily energy expenditure; PAL-physical activity level. Values that are followed by parentheses refer to the number (and percentage) of subjects.
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Heng Kiang Soon, et al. Most (88.1z ) of the subjects were non-academic staŠ in the university mostly consisting of administrative staŠ. The mean monthly income of the subjects was reported as RM2184±1262. More than half of the subjects received tertiary education. Descriptive data for the subjects by gender are presented in Table I. 4.2. Physical activity level Table II shows the categories of physical activity level based on steps/day and the PAL derived from TDEE (as determined by an accelerometer). Based on both steps/day and PAL, the majority of the subjects were in sedentary and low active categories. 
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To compare the relationship between activity level by steps/day and PAL derived from TDEE, two categories were formed: sedentary and non-sedentary (Table III) . Chi-square testing shows a signiˆcant relationship between these methods of assessment (x 2 ＝67.548, df＝1 and p＝0.0001). The magnitude of the relationship is considered strong (F＝0.591).
In men, signiˆcant positive correlations were found between TDEE and BMI (r＝0.428, p＝ 0.0001), TDEE and waist circumference (r＝0.508, p＝0.0001) and TDEE and percentage of body fat (r＝0.261, 0.028). A signiˆcant negative correlation was also found between steps/day and BMI (r＝ -0.246, p＝0.038). In women, signiˆcant positive correlations were found between TDEE and BMI (r＝0.556, p＝0.0001), TDEE and waist circumference (r＝0.340, p＝0.0001), TDEE and percentage of body fat (r＝0.414, 0.0001), and TDEE and diastolic blood pressure (r＝0.271, p＝0.002). A signiˆcant negative correlation was also found between TDEE and waist-hip ratio ( p＝-0.214, r＝0.015). Table IV shows mean values assessed by mean steps count. There were statistically signiˆcant diŠerences in the mean steps count for BMI ( p＝ 0.04); the sedentary group diŠered from the other groups by post-hoc comparisons. Table VI shows the results of logistic regression analysis of the relationship between metabolic syndrome and activity level as determined by PAL and steps/day, adjusted for age and gender. In general, there was an inverse relationship between physical activity level and the odds of having metabolic syndrome. The adjusted OR of having the metabolic syndrome was 0.69 (95z CI, 0.36-1.33) according to PAL and 0.73 (95z CI, according to steps/day. However, both do not achieve a statistical signiˆcance. Adjusted for age and compared with the reference group, the OR of non-sedentary men having the metabolic syndrome as determined by PAL was signiˆcantly lower (OR＝0.35, 95z CI, 0.13-0.97) compared to reference group. For women, while the OR for both assessment methods did not reach statistical signiˆcance, it was higher compared with the reference group in the non-sedentary category as determined by PAL but lower as assessed by steps/day (OR＝1.15, 95z CI, 0.49-2.69 and OR＝ 0.82, 95z CI, 0.32-2.06 respectively). Interestingly, according to PAL, non-sedentary men had a lower OR of having metabolic syndrome than did nonsedentary women.
Logistic regression analysis of the metabolic syndrome
Discussion
To our knowledge, this is theˆrst study to use an accelerometer to assess the physical activity level in Malaysian subjects with abdominal obesity. It is well understood that abdominal obesity is associated with a positive energy balance that results in part from inadequate physical activity. In the present study, the mean steps/day for males and females with abdominal obesity was 6334±2460 and 6358± 2118, respectively. This level was categorised as`l ow active''. Our study subjects were relatively sedentary compared with other populations; the mean steps/day for all subjects was only 6420±2283 compared with 6540±106 for US adults (TudorLock et al., 2009) , 7101±3636 for Japanese adults (Mitsui et al., 2008) and 7815±3211 in overweight or obese adults in Japan (Miyachi et al., 2008) . A local study that recruited subjects from the same population (UPM staŠ), found that the mean steps/day determined by pedometer was 8509.62 for males and 6603.40 for females (Soh et al., 2008) . The mean steps/day in the present study was lower probably because we recruited only subjects with abdominal obesity who were o‹ce workers. Previous research has shown an inverse relationship between steps count and obesity (Dwyer et al., 2007) .
Interestingly, we found that the mean steps/day for females slightly exceeded that of males; but, this diŠerence did not reach statistical signiˆcance (p＝ 0.603). The discrepancy in the number of participants (71 males and 130 females) and the uniˆed characteristics of the subjects under the same inclusion criteria may account for this diŠerence. In a similar study (Schoˆeld et al., 2005) , the same pattern was found: females had slightly higher but not signiˆcantly diŠerent daily step counts than males. There were twice as many females as males in that study.
The total daily energy expenditure (TDEE) for those with abdominal obesity averaged 2015±307 kcal, with 2242±272 kcal for males and 1891±249 kcal for females. Many studies have shown that males have a signiˆcantly higher TDEE than do females because of diŠerences in body composition.
The TDEE values in this study were lower than those of healthy Malaysian males and females aged 30-60 years, who averaged about 2276 kcal and 1951 kcal, respectively (Ismail et al., 1994) . This may be due to the fact that a large proportion of subjects were o‹ce workers who were less physically active. DiŠerences in the types of instruments used and in the subject inclusion criteria may also account for the lower values in our study.
With the steps/day method determined by accelerometer, a large proportion of subjects (91.5z) fell below the``active'' category. Only 8.5z subjects were considered active or highly active. Most of the subjects (72.6z) were either in``low active'' or`s edentary'' category. Theseˆndings were supported by data from the PAL method, in which a majority of the subjects (97.0z) were classiˆed in à`l ow active'' or``sedentary'' category. Since both methods were strongly associated, we expected the results to be similar.
We found signiˆcant positive correlations between TDEE and BMI and between TDEE and waist circumference in both men and women, which suggest that those with higher energy expenditure are more likely to have a higher BMI and waist circumference. Theseˆndings are consistent with numerous reports of increased total energy expenditure (measured by doubly labelled water) with increasing BMI. Schoeller (2001) summarized that obese individuals have greater average energy expenditure than do those who are lean and normal-weight. Das et al. (2004) reported that the total energy expenditure of extremely obese subjects was very high and increased with increasing BMI. This higher energy expenditure can be explained by the signiˆcantly higher resting metabolic rates in obese individuals as compared with those in normal-weight individuals (Riggs et al., 2007) . Obese individuals also carry a heavier load, which requires more energy and therefore their energy expenditure may be higher (Yoshioka et al., 2005) .
The present study showed that an increase in steps/day was associated with a decrease in BMI. Thisˆnding was consistent with those in many other studies (Mitsui et al., 2008; Tudor-Locke et al., 2001; Chan et al., 2003) . Post-hoc comparisons showed that BMI was the only variable that was signiˆcantly diŠerent for those in the sedentary group compared with the other activity levels. Collectively, theseˆndings suggest that an increase in steps count will be beneˆcial for weight loss, and they also indicate that a physical activity intervention for obesity should focus more on those who are sedentary.
Logistic regression analysis showed that physical activity in our study group was inversely associated with the prevalence of metabolic syndrome. For non-sedentary group, the relative risk of metabolic syndrome decreased by 31z and 27z compared with the sedentary group and after adjustment for age and gender as determined by PAL and steps/day, respectively. These results, though not statistically signiˆcant, agree with previousˆndings (Hahn et al., 2009; Ma et al., 2008 ) that increasing activity from the sedentary level lowers the odds of having metabolic syndrome as deˆned by International Diabetes Association (Alberti et al., 2005) . Another recent study in United States showed that adults who accumulated more daily walking steps were more likely to have lower prevalence of metabolic syndrome (Sisson et al., 2010) . Theseˆndings suggest that walking would be an appropriate part of interventions for preventing and managing metabolic syndrome in Malaysia as well as other Asian countries.
Our study showed that men in the non-sedentary category had lower odds of having metabolic syndrome than women. A study on elderly subjects (Hahn et al., 2009 ) showed a reverse association: women in medium-and high-intensity physical activity groups had lower odds of having metabolic syndrome than men. Zhu et al. (2004) who studied the association of various lifestyle factors with metabolic syndrome, found no signiˆcant eŠect of gender on the relationship between physical activity and metabolic syndrome. We did not stratify the nonsedentary category into one of the narrower categories used in other studies, which may account for our ndings. Future studies with a larger sample size may better predict the odds of having metabolic syndrome at diŠerent activity levels.
The present study is limited by its cross-sectional design and small sample size. The results cannot be used to draw conclusions about the physical activity status of the population. Our use of an accelerometer provides data on steps/day and total energy expenditure data but did not capture other activities, such as swimming and cycling.
Conclusions
Our objective measurements with an accelerometer have shown that individuals with abdominal obesity in this study were relatively sedentary. Among individuals with abdominal obesity, both the steps/day and PAL methods are strongly associated and useful for assessing physical activity levels. Given that most of the variables we studied did not vary signiˆcantly between physical activity categories, further research will require a larger sample size and diŠerent methods for measuring physical activity in those with abdominal obesity.
